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[57] ABSTRACT |

A continuous laser beam welding process is provided in
which galvanized steel sheet members having buried
zinc-coated bonding surface regions are welded in an
oxygen-enriched region, reducing the porosity in the
product weld nugget.

3 Claims, 2 Drawing Sheets
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1
LASER WELDING OF GALVANIZED STEEL

FIELD OF THE INVENTION

This invention relates in general to a process of con-
tinuously laser beam welding of overlapping galvanized
sheet steel members with buried zinc-coated surfaces so

as to reduce the zinc vapor porosity within the weld
nugget. |

BACKGROUND OF THE INVENTION

This invention relates to a continuous laser beam
welding process for galvanized steel sheet members
and, more particularly, to such galvanized steel laser
welding process carried out in the presence of an oxy-
gen rich cover gas to reduce zinc vapor porosity within
the weld nugget.

In a common laser welding process, metal members
are assembled with bonding surfaces in juxtaposition,
for example, to form a lap joint, and one outer surface is
scanned with a continuous laser beam to melt and fuse
the members at the bonding surfaces. In contrast to
other welding processes such as electrical resistance
welding that generate heat concentrated at the bonding
surfaces, laser welding heats a zone extending from the
irradiated surface down below the touching surfaces to
create a pool of molten metal within both members and
that, upon solidification, forms the weld nugget that
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- jJoins the two sheet members together. In order to mini-

mize oxidation of the molten surface, it has heretofore
been common practice to protect the irradiated surface
using an inert cover gas such as helium. |

In general, galvanized steel sheet comprises a low
carbon steel core sheet coated with a metallic zinc plate
to enhance corrosion protection. We have found that a
problem 1s created during laser welding of two side-gal-
vanized stee] sheets positioned for a lap joint or the like.
We have seen this problem whether we weld under an
mnert gas atmosphere or in air. The problem 1s the weld
track is porous, brittle and weéak. *

We think that this problem arises because of vapori-
zation of the zinc coating at the pressed-together bond-
ing surfaces at temperatures below the temperature
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required to fuse the steel. At the outer surface which

receives the incident laser beam, the zinc vapor is sim-
ply expelled into the atmosphere by the energy of the
beam and does not affect the quality of the weld. How-
ever, the zinc vapor generated by the heated coating at
the submerged lapped bonding surfaces is entrapped
within the molten steel. The gas tries to flow through
the molten metal and expel molten metal from the weld
track, which generates pores within the weld nugget
and weakens the joint. |

We have discovered that such laser welding of galva-
nized steel members in the presence of an oxygen-
enriched cover gas significantly reduces zinc vapor
porosity and irregular cuts in the weld nugget. This is
attributed to reaction between the oxygen and the zinc
vapor that produces solid zinc oxide that becomes

harmlessly dispersed throughout the weld metal. It is

also attributed to the surface tension of the molten pool
being favorably affected by the presence of oxygen,
which helps to minimize vapor expulsion. The forma-
tton of a weld nugget that 1s substantially pore free using
oxygen cover gas 1s in dramatic contrast to the porous
nuggets formed using inert cover gas or even air.
Therefore, it 1s an object of this invention to provide
an improved laser welding process for joining lapped
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steel sheet members, at least one of which comprises a
buried galvanized bonding surface, to produce a strong,
substantially pore-free weld nugget.

SUMMARY OF THE INVENTION

In its broad aspect, this invention is directed to a
process for continuously laser welding of galvanized
steel sheet members, coated with a zinc plate to enhance
corrosion, in the presence of an oxygen-rich cover gas
which reduces the porosity within the weld nugget.
The process of the invention comprises:

(1) arranging the zinc-coated members to provide
intimate contact between the bonding surface regions,

(2) exposing the outer surface of the upper member to
laser irradiation, thus heating, melting and fusing said
members at the bonding surface regions, while envelop-
ing the laser-welded region in an oxygen-enriched gas
during laser irradiation, reducing porosity in the prod-
uct weld nugget.

By thus laser welding in an oxygen-enriched environ-
ment, we produce strong, substantially pore-free weld
track. While we are not sure as to why the oxygen- .
enriched environment produces superior welds, we

think that 1t is due to the reaction of the zinc vapor with

oxygen and/or to the improvement of the surface ten-
sion of the weld pool to minimize vapor expulsion.

DESCRIPTION OF THE DRAWINGS

The present invention will be further illustrated with
reference to the drawings wherein:

FIG. 1 1s a partly cross sectional and partly sche-
matic, somewhat enlarged view of a lap joint between
galvanized steel members being laser welded in accor-
dance with this invention;

FIG. 2 1s a photomicrograph at 25 X magnification of
the top surface (i.e., laser beam incident surface) of the
weld nugget track of a laser weld joining galvanized
steel members, which weld was formed using oxygen
cover gas in accordance with this invention;

FIG. 3 is a photomicrograph at 25 X magnification of
a laser weld surface between galvanized steel members
similar to the weld in FIG. 2, but formed using helium
as the cover gas; and

FIG. 4 is a photomicrograph at 25 X magnification of
a laser weld surface between galvanized steel members
similar to the weld in FIG. 2, but welded in air.

Following 1s a detailed description of our invention.

DESCRIPTION OF THE INVENTION

In a preferred embodiment, this invention is em-
ployed for producing high integrity weld joints be-
tween two side-galvanized sheet steel members 10 and
12 (see FIG. 1). Members 10 and 12 may be distinct
components positioned for a lap joint or the like, or
distinct sections of a singular component bent or other-
wise formed to bring the sections into overlapping prox-
imity for joining, for example, in the manufacture of a
tube. Members 10 and 12, respectively, comprise low
carbon steel cores 14 and 16 and have metallic zinc

coatings 18, 20, 22 and 24 on both faces thereof. Mem-
bers 10 and 12 each have a thickness of about 0.035 inch,

whereas galvanized coating layers 18, 20, 22 and 24
each have a thickness of about 0.005 inch.
Members 10 and 12 are shown in an overlapping

juxtaposed position suitable for a lap weld. We carried
‘out our welding experiments using a continuous wave

carbon dioxide laser apparatus (not shown), commer-
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cially available, e.g., from Rofin-Sinal under the desig-
nation Model RF 825 having a three kilowatt power
rating. The laser apparatus was suitably positioned
above the assembled workpiece and adapted to be
moved over the surface so as to generate a continuous
or discontinuous weld track. The apparatus generates a
laser beam 28 focused by 1ts 7.5 inch focal length para-
bolic mirror 26. Beam 28 is directed onto the zinc-
coated upper surface 18 of member 10, which is posi-
tioned so that the focal point of mirror 26 is about 0.06
inch below surface 18 of the metal. High energy laser
beam 28 is approximately 0.01 inch in diameter. Note
that the focal point is located below the upper sheet and
about two-thirds into the lower sheet.

We provide a tank or other suitable source (not
shown) of oxygen gas. The oxygen is led from the
source to the laser beam weld site by a tube, the end of
which 1s seen in FIG. 1 as tube 32. Thus, tube 32 floods
the weld site with oxygen. The flooded oxygen site 1s
enriched in oxygen content as compared to the ambient
environment. We do not know the precise oxygen con-
centration at the weld site but know that it is apprecia-
bly higher than that of the oxygen content of air be-
cause the welds that we produce by this oxygen-
enhancing practice are markedly superior and less po-
rous than welds produced in air with the same laser
apparatus and the same galvanized steel workpieces.
We provide for relative movement between the work-
pieces to be joined and the laser beam 28 and the oxygen
delivery tube 32. Either or both may be moved so long
as a suitable weld track is obtained.

In general, a preferred practice 1s for tube 32 to fol-
low immediately behind the laser weld beam 28 as it is
moved over the surface to be welded.

Thus, during the welding operation, beam 28 1s ad-
vanced in the direction of the arrow 34, as shown 1n
FI1GS. 1 and 2; preferably the incident beam 1s perpen-
dicular to the upper workpiece member 10 so that the
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weld area better absorbs the full energy of the beam.

The intensity of the beam 28 and the rate at which the
beam is advanced are adjusted so that the beam 28 heats
the surface sufficiently to produce a weld nugget that
extends from the top of coating 18, through member 10
and coatings 20 and 22 and significantly, approximately
two-thirds of the depth, into into second member 12.

Although the molten metal that eventually forms the
weld nugget 30 seems quite massive as iilustrated in
FIG. 1, 1t is in this example actually quite narrow—-
about 1/16 inch wide. The width of a weld track de-
pends on the width and energy of the laser beams, its
rate of movement, and the like. Thus, the pool of molten
metal created by the laser beam is quickly quenched and
solidified by the surrounding mass of the steel sheets
after the laser has moved on. However, as we will show
below, the presence of the oxygen-enriched atmosphere
in the weld site materially improves the resultant weld
nugget track.

Referring to FIG. 1, there i1s shown a welded joint 30
formed between member 10 and zinc coatings 20 and 22
and second member 12.

Referring to FIG. 2, there is shown an enlarged pho-
tograph of a welded joint 30'. The joint 1s seen to be
fully sohdified and substantially free of pores, craters or
cracks. The direction of movement of the laser beam 1s
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perceptible as is shown by the solidification lap marks
perceptable in FIG. 2. The example depicted in FIG. 2
represented an acceptable weld using oxygen-enriched
air at 45 SCFH and moving the laser at 90 IPM.

FIGS. 3 and 4 show enlarged photographs of typical
weld joints 30" and 30" using helium and air as a cover
gas, respectively. The flow rate of the gas was 45
SCFH, and the laser speed was 90 IPM, as was the
welding condition for FIG. 2. Pores 40" and 40’ and
craters 41" and 41" are shown in FIGS. 3 and 4, respec-
tively. Thus, in our comparative weld experiments, the
weld surface experienced the same gas movement ex-
cept one time helium, the other air and the last oxygen.

While our invention has been described in terms of
certain embodiments thereof, it will be appreciated that .
other forms could be readily adapted by those skilled in
the art. Accordingly, the scope of the invention is to be
considered limited only by the following claims.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. In a method for laser welding galvanized steel
sheet members having zinc-coated bonding surface re-
gions, said method comprising arranging the members
to provide intimate contact between the bonding sur-
face regions and to expose an outer surface region of
one said member opposite the bonding region to laser
irradiation, and directing a laser beam onto the exposed

* region to heat and fuse said members at said bonding

regions and thereby form a weld nugget joining said
members, the improvement comprising enveloping the
exposed region in an oxygen-enriched gas during laser
heating to reduce porosity 1n the product weld nugget.

2. A method for laser welding galvanized steel sheet
members having bonding surface regions that carry the
zinc galvanized coating, said method comprising ar-
ranging the members in preparation for welding to
provide intimate contact between the bonding surface
regions and to expose an outer surface region of one
said member opposite the bonding region to laser irradi-
ation, flooding the surface region to be welded with
oxygen gas through a tube onto the surface, and direct-
ing a laser beam onto the flooded surface to heat a zone
of said members extending from the exposed region to
the bonding region and to thereby fuse said members at
said bonding regions to form a pore-free weld nugget
joining said members.

3. A method for laser welding galvanized steel sheet
members having bonding surface regions that carry the
zinc galvanized coating, said method comprising ar-
ranging the members in preparation for welding to
provide intimate contact between the bonding surface
regions and to expose an outer surface region of one
said member opposite the bonding region to laser irradi-
ation, flooding the surface region to be welded with

- oxygen gas through a tube, and directing a laser beam

635

onto the flooded surface to heat a zone of said members
extending from the exposed region to the bonding re-
gion by moving the tube that supplies the oxygen and
the laser irradiation beam in tandem, and thereby fuse
said members at said bonding regions to form a pore-

free weld nugget joining said members.
* * *x * ¥




	Front Page
	Drawings
	Specification
	Claims

